INTRODUCTION
Esophageal cancer is a common malignant cancer worldwide. In the past few decades, incidence of esophageal carcinoma has significantly increased, with the result that it currently affects more than 450,000 people [1, 2] . Metastasis and recurrence are two key factors responsible for the high mortality of esophageal carcinoma. Even with radical resection treatment, the five-year recurrence rate of esophageal cancer is still above 40 % [3, 4] .
Emodin (1,3,8-trihydroxy-6-methylanthraquinone) is an active component of multiple traditional
Chinese medicinal herbs, and it possesses antiviral, antimicrobial, immunosuppressive, hepato-protective, and anti-inflammatory properties [5, 6] . Recent studies indicated that emodin suppressed the proliferation of various tumors such as hepatoma, gastric cancer, breast cancer and colorectal cancer, in which multiple genes and signaling pathways are involved [7] [8] [9] [10] . However, not much is known about the effect of emodin on the growth of esophageal cancer cells.
In the present study, the effect of emodin on apoptosis and invasion of human esophageal carcinoma cell line ECA 109, and the underlying mechanisms were investigated with a view to providing new insights into the treatment of esophageal cancer.
EXPERIMENTAL

Cell culture
Human esophageal cancer cell line ECA109 was obtained from GeneChem Company (Shanghai, China) and cultured at 37 °C in DMEM/F12 containing 10 % fetal bovine serum (FBS) in a humidified atmosphere with 5 % CO 2 .
Cell proliferation assay
Standard tetrazolium bromide (MTT) assay was utilized to determine cell viability. Cells were seeded in 96-well plates (5 × 10 3 cells/well) with different concentrations of emodin (0, 10, 20 and 50 μM) for 24 h. Thereafter, 50 mL MTT (Sigma) solution (2 mg/mL in PBS) was added to each well, and the plates were incubated for 4 h at 37 °C. To dissolve the resultant violet formazan crystals, each medium was removed, and the cells were incubated with 200 μL dimethyl sulfoxide (DMSO) in the dark for 30 min. Absorbance was measured at 570 nm in an automated microplate reader with DMSO as blank. All assays were performed in quintuplicates and repeated at least three times.
Assay of apoptosis
Cell apoptosis was assayed by Annexin-V-FLUOS Staining Kit (Roche, USA) following the protocol provided by the kit manufacturer. The cells were then analyzed by flow cytometry using FACS Calibur (BD Biosciences, Bedford, MA, USA).
Cell invasion assay
Cell invasion was assayed in a 24-well Transwell chamber coated with Matrigel (BD Biosciences) on the upper surface of the membrane with a pore size of 8 μm (Sigma). Cells (1 × 10 4 cells/well) were suspended in culture media (100 μL, serum-free) and then seeded into the upper Transwell chamber. The lower chamber was covered with 10 % FBS. After 24 h incubation, the invaded cells were fixed, stained and counted under a microscope (Olympus).
Western blot
Cells were obtained and washed twice with PBS. Ice-cold radio-immunoprecipitation assay buffer (RIPA, Beyotime, Shanghai, China), containing freshly-prepared 0.01 % protease inhibitor cocktail (Sigma, Shanghai, China) was added so as to lyse the cells. Then the cells were incubated on ice for 30 min, and centrifuged at 13,000 rpm for 10 min at 4 °C. The supernatant (20 -30 μg of protein) was run on 10 % SDS-PAGE gel and electrophoretically transferred to a polyvinylidene fluoride membrane (Millipore, Shanghai, China). The membrane was then blocked with blocking reagent and incubated with primary antibodies against MMP-2, Bax, Bcl-2, caspase 3 and GAPDH (1: 1,000 dilution), followed by incubation with the secondary antibody (1: 1,000 dilution, Beyotime, Shanghai, China). The blot was visualized under enhanced chemiluminescence (ECL, Thermo Scientific, Shanghai, China).
Statistical analysis
All the results are presented as mean ± standard deviation (SD, n = 3) and were analyzed statistically using SPSS18.0 software. Multiple comparisons were made by one-way ANOVA followed by Dunnett's test. P < 0.05 was considered statistically significant.
RESULTS
Emodin inhibits ECA 109 cell proliferation
The effect of emodin on viability of human esophageal cancer ECA109 cells was examined by MTT assay. Compared with the control group, the three concentrations of emodin used (10, 20 and 50 μM) significantly reduced ECA109 cell viability at 12, 24, 48 and 72 h (p < 0.05) in a concentration-dependent manner (Figure 1) . Therefore, 10, 20 and 50 μM concentrations of emodin were used in subsequent experiments. 
Emodin induces ECA 109 cell apoptosis
The effect of emodin (10, 20 and 50 μM) on ECA109 cell apoptosis was determined using flow cytometry (FCM). As presented in Figure 2 , while most ECA109 cells remained alive in the control group, those incubated with different concentrations of emodin for 24 h displayed significant concentration-dependent increases in the percentage of apoptotic cells (both AV and PI-positive). 
Emodin suppresses invasion of ECA 109 cells
Recent studies have demonstrated the central role of cell motility during tumor invasion and metastasis [11, 12] , hence, we investigated the effect of emodin on the invasive ability of ECA 109 cells using Transwell assay. As presented in Figure  3 , Transwell migration assay demonstrated that emodin treatment significantly suppressed ECA 109 cell invasion in a concentration-dependent manner. The invasion rates of emodin -treated groups (10, 20 and 50 μM) were decreased by 30 ± 4.5, 56 ± 6.8 and 69 ± 8.1 %, respectively. To elucidate the potential mechanism(s) involved in emodin-induced cell invasion, the expression levels of MMP-2, Bax, Bcl-2 and caspase 3 were measured by Western blot. It was found that MMP-2 and Bcl-2 protein levels were significantly reduced while those of Bax and caspase 3 were markedly elevated, indicating that emodin may inhibit ECA 109 cell invasion by down-regulating the expressions of MMP-2 and Bax and upregulating Bcl-2 and caspase 3 expressions (Figure 4 ). 
DISCUSSION
Esophageal cancer is a prevalent malignancy worldwide. In particular, China is one of the top countries with a high incidence of esophageal cancer. Results of analysis indicated that 95 % of these esophageal cancers were in the form for squamous cell carcinoma (ESCC). Due to the poor prognosis of ESCC, it is important to elucidate the underlying mechanisms of OSCC, as well as its therapeutic targets. Traditional Chinese Medicinal (TCM) treatment, in conjunction with surgical operation, radiotherapy, or chemotherapy, can effectively alleviate cytotoxicity and strengthen immune functions. The combined use of Chinese and Western medicinal treatment is geared towards improving the quality of life and survival rate of OSCC patients by preventing recurrence and metastasis. Therefore, the search for effective anti-tumor products from Chinese medicinal herb is of vital importance to cancer therapy.
In the current study, it was demonstrated that different concentrations of emodin inhibited cell proliferation and invasion, and induced cell apoptosis in human esophageal cancer cell line ECA109. Emodin (10, 20 and 50 μM) significantly suppressed ECA109 cell proliferation in a concentration-and timedependent manner. In addition, emodin (10, 20 and 50 μM) also induced concentrationdependent cell apoptosis after 24 h treatment. The release of several apoptotic factors, such as cytochrome c and AIF, can be elicited through activation of the intrinsic mitochondrial pathway, which results in mitochondrial apoptosis and activation of the mitochondrial death pathway. Cytochrome c release facilitates formation of the apoptosome containing the adaptor Apaf-1 and the initiator caspase-9 in the presence of dATP, which in turn activates the downstream effector caspase-3 to induce cell apoptosis [13, 14] . AIF can elicit cell apoptosis independent of caspase-3 activation [15] . The results obtained in this study showed enhanced expression of activated caspase-3 proteins, indicating that emodin triggered caspase-dependent apoptosis which is activated by the mitochondrial death pathway and/or the death receptor pathway.
The first step in tumor cell invasion is the breakdown of the cytomembrane, which is known to be dependent on type IV collagen-degrading enzymes, mainly MMP-2 and MMP-9 [16] . Expressions of MMP-2 and MMP-9 have been reported to be associated with high potential of metastasis in several human carcinomas including esophageal cancer [17] . Results from Western blot demonstrated that emodin inhibited the expression of MMP-2, thus revealing the mechanism involved in the inhibition of cell invasion by emodin. This finding strongly suggests that emodin may be a promising drug target for different types of cancer.
CONCLUSION
The findings of this study show that emodin induces ECA109 cell apoptosis and inhibit cell invasion by regulating the activation and expressions of caspase-3, Bax/Bcl-2 and MMP-2, which are factors that play critical roles in esophageal cancer. Further studies are required to elucidate the possible mechanisms involved in these emodin-induced effects. Nevertheless, the findings of the present study show that emodin is a good candidate for development of a novel and effective therapy for esophageal carcinoma.
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